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Amelioration of progressive renal 
disease by manipulation of Klotho 
gene
Th e Klotho gene encodes a 130-kilodalton transmembrane 
protein that shares sequence homology with β-glucosidase. 
Klotho is predominantly expressed in the kidney tubules and, 
to a lesser extent, in the brain and reproductive and endocrine 
organs. Its deletion in mice (kl–/–) results in the development 
of a syndrome resembling human aging, including shortened 
lifespan, growth retardation, infertility, arteriosclerosis, skin 
and muscle atrophy, osteoporosis, and pulmonary emphysema. 
Conversely, overexpression of the Klotho gene extends the 
lifespan in mice. Although kl–/– mice do not show any overt 
renal abnormalities, the Klotho mRNA expression in the 
kidneys has been shown to be greatly reduced in patients 
with chronic renal failure. Remarkably, most of the features of 
Klotho gene-deleted mice (shortened lifespan, arteriosclerosis, 
anemia, and osteoporosis) are similar to those of the patients 
with chronic renal failure. In addition, Klotho gene expression 
has been found to be reduced in acute renal failure in murine 
ischemia–reperfusion injury models. Th ese fi ndings would 
imply that the reduction of Klotho protein may be relevant to the 
pathophysiology of renal failure. However, little is known about 
whether the Klotho protein can improve a diseased kidney and 
thus serve as a therapeutic target in various renal diseases.
To test this, Haruna et al. introduced the Klotho gene into 
a mouse model of glomerulonephritis carrying a mutation in 
the Tensin2 gene. Th is mutant strain of mice is derived from 
outbred ICR mice that spontaneously develop nephrotic 
syndrome and progressive renal injury leading to chronic 
kidney failure. Th e strain is described as ICR-derived 
glomerulonephritis (ICGN), and the tubulointerstitial 
compartment of these mice is also adversely aff ected, besides 
their having a proliferative form of mild glomerulonephritis.
Four diff erent strains of mice were generated by cross-breeding: 
ICGN mice without the Klotho transgene (ICGN), ICGN mice 
with the Klotho transgene (ICGN/klTG), wild-type mice with 
the Klotho transgene (klTG), and wild-type mice without the 
Klotho transgene (control). At 40 weeks old, the survival rate 
was approximately 30% in ICGN mice, and approximately 70% 
in the ICGN/klTG group. Th is improvement was associated 
with dramatic improvement in renal functions, morphological 
lesions, and cytochrome c oxidase activity but a reduction in 
activity of β-galactosidase (a senescence-associated protein), 
mitochondrial DNA fragmentation, superoxide anion 
generation, lipid peroxidation, and Bax protein expression 
and apoptosis. Interestingly, improvement was seen in both 
the tubular and the glomerular compartments of the kidney, 
although Klotho is exclusively confi ned to the tubules. Th is 
fi nding suggests that its gene product has a remarkable 
renoprotective eff ect by potentially serving as a circulating 
hormone while mitigating the mitochondrial oxidative stress. 
(Proc Natl Acad Sci USA 2007; 104: 2331–2336)
Juan Oliver
Collectrin: a general facilitator of 
renal amino acid transport
Collectrin is a membrane protein widely expressed in 
epithelial organs, but whose function until now had been 
obscure. Th e claim to fame of angiotensin-converting enzyme 
(ACE) has been that, when it was identifi ed, it was found to 
be a chimeric protein composed of the catalytic domain of 
the ‘classic’ ACE and collectrin. In a recent study, Danilczyk et 
al. deleted the gene for collectrin and found that the mice did 
not exhibit any obvious defects. However, when their urine 
was collected and stored at 4 °C, it produced a precipitate 
that, on analysis, turned out to be crystals of phenylalanine 
and tyrosine (Figure 1). All amino acids are absorbed in the 
proximal tubule, mostly by a number of specifi c amino acid 
transporters that mediate the uptake of basic, acidic, or neutral 
amino acids. Isolated brush border vesicles from knockout 
Kidney morphology in the four strains of mice.
H
ar
un
a 
et
 a
l./
Pr
oc
 N
at
l A
ca
d 
Sc
i U
SA
Figure 1 | Formation of needle-like crystals in the urine of collectrin-null 
mice.
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mice showed that there was a reduction in the sodium-
coupled transport of many amino acids and in the abundance 
of several amino acid transporters. Th e authors found that 
injection of the mRNA of collectrin in other cells (such as 
Xenopus oocytes) did not result in any amino acid uptake, 
demonstrating that collectrin itself was not a transporter. 
However, when they injected the mRNA of the neutral amino 
acid transporter B0AT1 alone (Figure 2), there was a small 
uptake of isoleucine. But when the mRNA for both collectrin 
and the transporter was injected, there was a large increase in 
the uptake of isoleucine. However, the kinetics of transport 
was not aff ected. In similar studies, other brush border 
transporters such as the phosphate transporter had no eff ect 
on phosphate uptake. Immunoprecipitation of brush border 
membrane proteins using antibodies against three amino acid 
transporters showed that the immunoprecipitate contained 
collectrin. Th ese studies demonstrate that the expression of 
several amino acid transporters and their localization to the 
brush border depend on the presence of the protein collectrin. 
One interesting clinical insight is that many patients with 
aminoaciduric conditions such as Fanconi syndrome 
excrete not one but several amino acids in the urine, while 
isolated genetic diseases of the specifi c transporters show 
aminoaciduria restricted to the substrates of one or another 
of the transporters. Collectrin is also expressed in the small 
intestine, the other site of amino acid transport, and probably 
plays the same role there that it does in the proximal tubule. 
(Nature 2006; 444: 1088–1091)
Qais Al-Awqati
Glomerulocystic kidney disease in 
mice with a targeted inactivation 
of Wwtr1
Polycystic kidney disease (PKD) may arise sporadically as a 
developmental abnormality or be acquired in adult life, but 
most forms are hereditary. Inherited forms due to germline 
mutations in single genes include autosomal dominant PKD 
(mutations in PKD1 or PKD2), autosomal recessive PKD 
(mutations in PKHD1), nephronophthisis (NPH; mutations 
in NPHP1–NPHP6), medullary cystic kidney disease 
(mutations in MCKD1 or MCKD2), orofaciodigital syndrome 
(OFD; mutations in OFD1), and tuberous sclerosis complex 
(mutations in TSC1 or TSC2).
An increasing number of genes linked to PKD have been 
shown to encode proteins associated with the structure 
and/or function of primary cilia, strongly suggesting that 
defects in the ciliary apparatus play a central role in the 
etiology of PKD. Primary cilia are structurally related to 
motile fl agella of sperm and protozoa but serve as mechano- 
or chemosensors.
WW domain-containing transcription regulator 1 (Wwtr1, 
also referred to as Taz (transcriptional coactivator with 
PDZ-binding motif)) is a widely expressed protein that 
regulates the activity of several transcription factors involved 
in development and disease. Wwtr1 is highly expressed in the 
kidney, heart, lung, liver, testis, and placenta. Although it is 
clear that Wwtr1 interacts with diff erent transcription factors, 
little is known about its physiological role in vivo. It appears 
to regulate osteoblast diff erentiation by binding to Cbfa1 (a 
transcription factor important for bone development) and 
activating osteocalcin expression; it has recently been shown 
that Wwtr1 is required for bone formation in zebrafi sh.
To elucidate the physiological role of Wwtr1, Hossain et 
al. generated Wwtr1–/– mice. Surprisingly, although Wwtr1 
regulates the activity of Cbfa1, Wwtr1–/– mice showed only 
minor skeletal defects. However, Wwtr1–/– animals presented 
with renal cysts that led to end-stage renal disease. Cysts 
predominantly originated from the dilation of Bowman’s spaces 
and atrophy of glomerular tuft s, reminiscent of glomerulocystic 
kidney disease in humans. A smaller fraction of cysts 
derived from tubules, in particular the collecting duct. Th e 
corticomedullary accumulation of cysts also showed similarities 
with nephronophthisis. Cells lining the cysts had fewer and 
shorter cilia, and the expression of several genes associated with 
glomerulocystic kidney disease (Ofd1 and Tsc1) or encoding 
proteins involved in cilia structure and/or function (Tg737, 
Kif3a, and Dctn5) was decreased in Wwtr1–/– kidneys. Th e 
loss of cilia integrity and the downregulation of Dctn5, Kif3a, 
Pkhd1, and Ofd1 mRNA expression were recapitulated in a 
renal collecting duct cell line by reduction of Wwtr1 protein 
levels with the use of small interfering RNA. Th us, Wwtr1 is 
critical for the integrity of renal cilia. Its absence in mice leads 
to the development of renal cysts, indicating that Wwtr1 may 
represent a candidate gene for polycystic kidney disease in 
humans. (Proc Natl Acad Sci USA 2007; 104: 1631–1636)
Detlef Schlöndorﬀ 
Figure 2 | Collectrin colocalizes with B0AT1 in kidney proximal tubules.
Hematoxylin and eosin staining of kidney sections from an 8-week-old 
WT and an 8-week-old Wwtr1–/– mouse, with numerous cysts in the 
corticomedullary region of the knockout kidney.
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